Increasing evidence has demonstrated that the secretion of cytokines may be associated with cigarette smoke-induced immunomodulatory effects, but a comprehensive analysis of the cytokine profile for cigarette smoke condensate (CSC) exposure is lacking. The aims of this study were to (1) examine the release of 20 cytokines induced by CSC from 12 brands of cigarettes in macrophages cells (Ana-1) and (2) to investigate the general characteristics of the immunomodulatory effects of CSC. Luminex technology was used to simultaneously determine the levels of 20 cytokines
Introduction
Tobacco smoke is a complex mixture of thousands of different chemicals, many of which have immunotoxicity. 1 Many constituents of cigarette smoke not only modulate the function of immune cells in vitro and/or after in vivo administration 2 but also impact the immunomodulatory response in a variety of experimental animal models and humans. 3 Increasing evidence has demonstrated that the effects of cigarette smoke on the immune system may reflect the cumulative effects of both immunosuppressive and immunostimulatory components in cigarette smoke. Cytokines are small molecules with large roles in modulating immune reactions. Macrophages may be activated by cigarette smoke condensate (CSC) to release inflammatory mediators. Several studies have shown that cigarette smoking is associated with mitogenic responses in lung lymphocytes and the production of interleukin (IL)-1β, IL-6, and tumor necrosis factor α (TNF-α) by peripheral blood mononuclear cells (PBMCs) and macrophages. 4 Macrophages play an important role in all organisms and are essential mediators of the immune system that contribute to inflammation and regulate tissue homeostasis. 5 As one type of mouse macrophages, the Ana-1 cell line has been used to assess toxicological effects due to cigarette smoke. 6 Macrophages play a major role in releasing cytokines, which regulate innate, adaptive immunity, cell growth, and tissue destruction.
The aim of this study was to investigate the general characteristics of the immunomodulatory effects of CSC. We selected the Ana-1 cell line and used Luminex technology to assess the release of 20 cytokines (IL-1a, IL-1β, IL-2, IL-4, IL-5, IL-6, IL-10, IL-12, IL-13, IL-17, granulocyte-macrophage colony-stimulating factor (GM-CSF), interferon-γ (IFN-γ), keratinocyte-derived chemokine (KC), monocyte chemoattractant protein 1 (MCP-1), macrophage inflammatory protein 1α (MIP-1α), induced protein 10 (IP-10), TNF-α, vascular endothelial growth factor (VEGF), monkine inducible by γ interferon (MIG), and fibroblast growth factor (FGF)-basic) from macrophages stimulated with CSC from 12 brands of cigarettes.
Materials and methods

Reagents and equipment
Ana-1 is a macrophage cell line, isolated from mouse thymus, obtained from the Cell Bank of the Shanghai Institute of Biochemistry and Cell Biology, Chinese Academy of Sciences (China). RPMI 1640 culture medium and fetal bovine serum (FBS) were purchased from Gibco Co. Ltd (USA). The Cell Counting Kit-8 (CCK-8) was purchased from the Tokyo Institute of Japan. The Mouse Cytokine 20-Plex Panel was purchased from Life Technologies (USA). A high-speed centrifuge was purchased from Thermo Fisher Scientific (USA). A Bio-Plex Liqui Chip was purchased from Bio-Bad (USA), and 96-well plates were purchased from Corning Costar (USA). RM-20H smoking machine was purchased from Borgwaldt KC (Germany). Fully humidified incubator was purchased from Thermo Fisher Scientific (Germany). The 12 brands of cigarettes used are shown in Table 1 .
Preparation of CSC
Cigarettes of 12 brands were conditioned unpacked in open containers following ISO standards 7 (at least 48 h at target conditions of 22°C ± 1°C and a relative humidity of 60% ± 3%). Borgwaldt RM-20H smoking machine was used to collect cigarette smoke. Total particulate matter was collected on glass fiber filters extracted with dimethyl sulfoxide (DMSO) followed by sterile filtration and then stored at −70°C. 
Cell culture
Ana-1 cells were cultured in RPMI 1640 medium, which was supplemented with 10% FBS, 100 units/ mL penicillin, and 100 mg/mL streptomycin at 37°C in a fully humidified incubator containing 5% CO 2 .
Cell inhibition assay
The exposure experiment of Ana-1 cells to CSC with the concentrations of 0, 12.5, 25, 50, 100, and 200 µg/mL was conducted. Cell viability was measured by CCK-8 assay. Each sample was assayed in sixtuplicate, and the values were expressed as mean of six experiments. Next, 2 × 10 5 cells/well were seeded into a 96-well culture plate at a final volume of 200 µL. After 24 h of treatment, 10 µL of CCK-8 was added into each well and incubated for 90 min at 37°C in a 5% CO 2 incubator. The absorbance at 490 nm was measured using a microplate reader. The inhibition rate was calculated using the following equation: Inhibition rate = [(experimental group − blank group)/(control group − blank group)] × 100%. An inhibition curve was plotted based on the CSC concentration and the inhibition rate. The concentrations of CSC selected (cell viability is more than 80%) were used for testing cytokines in this study. 8 
Detection of cytokines after treatment with CSC
Detection of cytokines of CSC treated with the concentrations of 0, 2.5, 5, 10, and 20 µg/mL was assessed. The assay was performed in five replicates for each group. Next, 2 × 10 5 cells/well were seeded into a 96-well culture plate to a final volume of 200 µL. After 24 h of treatment, cells were centrifuged at 1000 g for 10 min and then cell-free supernatants were recovered and stored at −80°C for subsequent analysis. All assays were performed according to the Mouse Cytokine 20-Plex Panel kit instructions. Median fluorescence intensities were collected on a Luminex-100 instrument using Bio-Plex Manager software version 6. Standard curves for each cytokine were generated using the premixed lyophilized standards provided in the kits. Cytokine concentrations in samples were determined from the appropriate standard curve. Each sample was run the five replicates, and the average of these replicates was used as the present data.
Statistical analyses
The results are shown as the mean of the observed concentration of cytokines for CSC. A statistical analysis of the results was performed, and the statistical significance of the differences was tested using Fisher's test. Differences between groups were considered significant at P < 0.05, and the actual P values are indicated for each series of experiments. A complete statistical analysis of the data was conducted with the statistical software package, SPSS Statistics 19.0 (IBM, USA).
Results
Effect of CSC exposure on viability
CSC differentially induced cytotoxicity and reduced cell viability in a concentration-dependent manner in the macrophage cell line Ana-1, as measured by CCK-8 assay. For 12 brands of CSC, CCK-8 assay indicated that the number of Ana-1 cells in the CSC-treated group was lower than that of the control group (P < 0.05). CSC significantly inhibited the proliferation of Ana-1 cells after 24 h of treatment. The data are shown in Figure 1 .
Levels of cytokines after exposure to CSC from 12 brands of cigarette
Compared with control (Table 2) , the release of IL-5, IL-6, IL-12, TNF-α, IP-10, MCP-1, MIP-1α, and VEGF (expect C10) ( Table 3) was significantly different for all 12 brands of cigarettes (P < 0.05). However, there was no significant difference between some cytokines (IL-1α, IL-1β, IL-2, IL-4, IL-10, IL-13, IL-17, GM-CSF, IFN-γ, KC, MIG, and FGF-basic) and control (P > 0.05) ( Table 2) .
Cytokine profiling of lower limits of detection with CSC treatment
Lower limits of detection for 12 brands of CSC were IL-6 and IP-10, which were significantly reduced compared with the control group (⩽10 µg/ mL). For CSC from all 12 brands, relatively low amounts (5-20 µg/mL) of IL-5, IL-12, and MCP-1 were detected. In contrast, the lower limits of detection for VEGF, MIP-1α, and TNF-α were not very sensitive (⩾20 µg/mL). The results are shown in Table 3 .
Discussion
Several studies have demonstrated that macrophages from smokers are functionally impaired and secrete significantly lower levels of cytokines. 9 However, the impact of CSC exposure on macrophage cytokine secretion in vitro is not known. To investigate the general characteristics of the immunomodulatory effects of cigarette smoke, we used Luminex technology to assess the secretion of 20 cytokines from Ana-1 cells exposed to CSC from 12 brands of cigarettes. The results demonstrated that 8 of the 20 cytokines measured were secreted at significantly lower levels after exposure to CSC from 12 brands of cigarettes. Our data showed that CSC differentially induced cytotoxicity. It has been demonstrated that cigarette smoke extract not only decreased cell viability but also induced apoptosis of Ana-1 cells. 6 Previous studies have also shown that exposure of human umbilical vein endothelial cells (HUVECs) to cigarette smoke extract led to phase cell cycle arrest. 10 Our study shows that CSC induced reduction in release of several cytokines, such as IL-5, IL-6, Figure 1 . The results show cell viability after exposure for 24 h to CSC from 12 brands (n = 6) as the mean ± standard deviation. IL-12, TNF-α, IP-10, MCP-1, MIP-1α, and VEGF. The affected cytokines constitute two major subtypes: proinflammatory cytokines, including IL-5, IL-6, IL-12, TNF-α, and VEGF, and chemotactic cytokines, including IP-10, MCP-1, and MIP-1α. These subtypes are both known to play an important role in the immune response to infections. In light of our results, changes in the expression of these cytokines might explain, at least in part, the delayed wound repair process, increased susceptibility to infections, and relative resistance to some inflammatory diseases observed in smokers. 11 The effects on cytokines observed in this study can be supported by other studies. 12, 13 In this report, lower limits of detection with CSC exposure showed that IL-6 and IP-10 were reduced significantly compared with the control group in a dose-dependent manner in Ana-1 cells treated with the majority of CSC. Specifically, 5 µg/mL CSC did not affect cell viability but significantly induced the secretion of these cytokines. In contrast, VEGF, MIP-1α, and TNF-α were not sensitive to CSC. Indeed, 20 µg/mL CSC significantly reduced the secretion of some cytokines. For example, IL-5, IL-12, and MCP-1 had distinct lower limits of detection. These phenomena indicate that the diverse components of cigarette smoke may impact its immunomodulatory effects in Ana-1 cells.
Limitation
We do only tested one mouse macrophage for viability and cytokine production. This is the limitation of our study. We learned that the Ana-1 cell has been used to assess toxicological effects due to cigarette smoke. So, Ana-1 was selected in this study. In the further work, we will test CSC's effects in primary macrophage for viability and cytokine production.
Declaration of conflicting interests
The author(s) declared no potential conflicts of interest with respect to the research, authorship, and/or publication of this article.
